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CONVERSION FACTORS, VERTICAL DATUM,
WATER-QUALITY INFORMATION, AND ABBREVIATIONS

CONVERSION FACTORS

Multiply By To obtain
foot (ft) 0.3048 meter
gallon (gal) 3.785 liter
mile (mi) 1.609 kilometer
pound (1b) 453.6 gram

Degrees Fahrenheit (°F) can be converted to degrees Celsius (°C) by using the following equation:
‘C=(CF-32)/1.8

VERTICAL DATUM

Sea level: In this report, "sea level” refers to the National Geodetic Vertical Datum of 1929 (NGVD of
1929)--a geodetic datum derived from a general adjustment of the first-order level nets of both the
United States and Canada, formerly called Sea Level Datum of 1929.

WATER-QUALITY INFORMATION

Abbreviated water-quality units used in this report: Chemical concentration in water is given in
milligrams per liter (mg/L). Milligrams per liter is a unit expressing the concentration of chemical
constituents in solution as weight (milligrams) of solute per unit volume (liter) of water. For concen-
trations less than 7,000 mg/L, the numerical value is the same as for concentrations in parts per mil-
lion. Dissolved-solids concentration is reported as the sum of major anion and cation species from
chemical analysis.

Isotopic composition of water is expressed as per mil (parts per thousand) differences in the measured
isotopic ratios of the sample and SMOW (Standard Mean Ocean Water, the 180 and 2H isotopic stan-
dard). The unit 8'30 is the standard expression of the ratio of the 130 jon with respect to the 160 jon.
The unit 8D is the standard expression of the ratio of the 2H ion (deuterium) with respect to the Iy
ion.

ABBREVIATIONS

RASA: Regional Aquifer Systems Analysis
WATSTORE: U.S. Geological Survey National WATer Data STOrage and REtrieval System








































B. Dissolved-solids concentrations less than or equal to 1,000 milligrams per liter. Trend in the cation ternary diagram

(lower right) is depicted by a line.

Figure 10.— Continued.

cation or anion exceeds 50 percent of the total cations
or anions is classified as no dominant cation or no
dominant anion.

A major limitation in making interpretations
from Piper plots is that water samples with very
different dissolved-solids concentrations, but with the
same relative proportions of cation and anion species,
will plot at the same position on the diagram. This
limitation can be handled in many ways (Hem, 1989).
In this study, this limitation is addressed by construct-
ing three Piper plots for each aquifer (figs. 10B and
10D) in which the samples are grouped according to
the concentration of dissolved solids. The ranges of
dissolved-solids concentration selected for the plots are

less than or equal to 1,000 mg/L (low), 1,001

to 10,000 mg/L (intermediate), and greater than
10,000 mg/L (high). The limits were rough estimates
of populations based on frequency histograms. The
data used to construct the Piper plot of ground water
from the aquifer consist of water analyses with less
than 10 percent charge imbalance.

At the low concentration range of dissolved-
solids concentrations, most of the ground-water
compositions plot as calcium-bicarbonate dominant.
On the cation ternary diagrams, however, data plot
along the same trend from the calcium-dominant area
to the sodium dominant area (fig. 10B).

Selected Geochemical Characteristics 13
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C. Dissolved-solids concentrations from 1,001 to 10,000 milligrams per liter. Data in the cation ternary (lower right) are

compared to the cation trend line from figure 108.

Figure 10.—Continued.

With increasing dissolved-solids concentrations,
the loci of data along the trend in the cation ternary dia-
gram shifts more towards the sodium corner (figs. 10C
and 10D). In general, along the trend from the calcium
field to the sodium field, dissolved solids in the sam-
ples increases. However, at high dissolved solids in the
Marshall aquifer (fig. 10D), many of the samples with
the most concentrated samples plot closer to the cal-
cium area. The slope of the trend of the cation data in at
intermediate and high dissolved-solids concentrations
(figs. 10C and 10D, respectively) is different from the
slope of the cation data at low concentrations
(fig. 10A).

Within the anion ternary diagram, the data
cluster changes from a loci in the bicarbonate field
(fig. 10B), to a trend line between the sulfate corner
and the chloride corner (fig. 10C), and to a loci at the
chloride corner (fig. 10D).

Hydrochemical Facies

A hydrochemical facies map (fig. 11) for the
Marshall aquifer was prepared to show the areal distri-
bution of the facies as classified on the Piper plots
(figs. 10B to 10D). A few samples had either no domi-
nant cation or no dominant anion. These were prima-
rily individual samples scattered throughout the study
area and are not included in the figures.
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brines that formed by high degrees of evaporation of
sea water (past halite precipitation) and that interact
with calcite and dolomite (Collins, 1975; Wilson and
Long, 1993b). At very high degrees of evaporation and
water-rock interaction, water chemistry can change to a
calcium chloride type. An area of calcium chloride
dominant water was not found in the brines of the Mar-
shall aquifer. However, the area of no dominant chlo-
ride hydrochemical facies in the center of the aquifer
(fig. 11) is characterized by high proportions of sodium
and calcium. These are the highly concentrated sam-
ples that plot towards the calcium area in figure 10D.
Thus, the Marshall brine was evolving to a calcium
chloride type.

Two major processes control dissolved-solids
concentrations for water with concentrations between
1,000 to 10,000 mg/L (fig. 10C). One is the mixing of
ground water with brine (and/or halite dissolution) and
the other is dissolution of gypsum. Dissolution of
gypsum alone can significantly increase the dissolved-
solids concentration of water. For example, a
geochemical simulation using PHRQPITZ (Plummer
and others, 1988) shows that a solution with an initial
dissolved-solids concentration of 202 mg/L will
increase to greater than 2,000 mg/L on the dissolution
of gypsum to saturation (in equilibrium with calcite).
Dissolution of gypsum also will increase the relative
amount of calcium in solution. This additional source
for calcium could account for the slope of the cation
trend in figures 10C and 10D to be lower than slopes
for the cation trends at low dissolved-solids
concentrations (fig. 10B).

Calcium sulfate minerals are distributed through-
out the aquifer system (Wood, 1969). Calcium sulfate
facies in the Marshall aquifer is caused by the dissolu-
tion of calcium-sulfate minerals and perhaps by the
input of water that has dissolved gypsum or anhydrite
in the overlying Michigan Formation (fig. 2).

SUMMARY

Maps based on chemical analyses of ground
water from the Marshall aquifer, central Lower Penin-
sula of Michigan, were prepared to show areal varia-
tions of 3!80 and concentrations of dissolved solids,
dissolved chloride, dissolved sulfate, dissolved iron
and hydrochemical facies.

Interpretation of 8D and 8'80 relations indicate
that brine from the evaporation of sea water, modern
meteoric and glacial-age meteoric water are present in
the Marshall aquifer. Trends in the values of 8D and
8180 indicate mixing of modern meteoric with and
glacial-age meteoric water and brine. The §'80 values
of the ground water become heavier toward the center
of the study area. The lighest values are adjacent to
Saginaw Bay.

Areal-distribution maps of dissolved solids and
dissolved chloride in the Marshall aquifer show that the
samples with high concentration are from deep wells in
the center of the study area and that the most dilute
samples are in the subcrop areas. The source for high-
dissolved solids and dissolved-chloride concentrations
is from brine. Sources for dissolved solids and chloride
in freshwater generally are those components in the
recharge water and water-rock interaction.

Dissolved-iron concentrations are low in the
subcrop areas and increase toward the center of the
basin. Locally high concentrations of dissolved iron
in subcrop areas are the result of changes in the
oxidation-reduction state of the system. In the
southern, southeastern, and western parts of the study
area, dissolved-sulfate concentrations increase and
then decrease from the subcrop to the center of the
study area. Sulfate is derived from recharge, which
includes sulfate in precipitation as well as that from
sulfate minerals. Concentrations of dissolved sulfate
also have been affected by sulfate reduction.

Distributions of data on Piper plots show a trend
from the calcium dominant area to the sodium
dominant area. At low dissolved-solids concentration,
the data are weighted to calcium dominant; at high
dissolved-solids concentrations, they are weighted to
sodium dominant. Water samples in the anion ternary
diagram plot mainly between bicarbonate and chloride
dominant at low dissolved-solids concentrations,
between chloride and sulfate dominant at intermediate
dissolved-solids concentrations, and as chloride
dominant at high dissolved-solids concentrations.

Three dominant hydrochemical facies in ground
water from the Marshall aquifer are calcium
bicarbonate, sodium chloride, and no dominant
chloride. Ground water in the southern part and other
areas around the subcrop of the Marshall aquifer is
dominated by a calcium bicarbonate facies. Ground
water in about two-thirds of the interior of the basin
area is dominated by the sodium chloride facies.
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Sodium chloride dominant water is from brine
originating from evaporation of seawater past halite
precipitation.

Toward the center of the study area,
hydrochemical facies of ground water change to the no
dominant chloride facies that is typical for brines
formed by evaporation of seawater well past halite
precipitation and by interaction with calcite and
dolomite. In the southern part of the study area,
calcium-sulfate facies are present as a result of
dissolution of calcium sulfate minerals and, perhaps,
the input of water that has undergone water-rock
interactions in the Michigan Formation overlying parts
of the aquifer.
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